Interaction of local anaesthetics with lipid membranes under inflammatory acidic conditions.
The clinical fact that local anaesthetics do not successfully work in the patients with inflammation has been generally interpreted on the basis of inflamed tissue acidification. In order to verify this hypothesis, the interaction of local anaesthetics with lipid membranes was studied by determining the drug-induced changes of membrane physicochemical property (membrane fluidity) at different pH covering inflammatory acidic conditions. At clinically relevant concentrations, lidocaine, procaine, prilocaine and bupivacaine fluidized 1,2-dipalmitoylphosphatidylcholine membranes with the potency decreased with lowering the pH from 7.9 to 5.9. When treated as the aqueous acidic solution (pH 4.0) similar to marketed injection solutions, lidocaine showed more pronounced pH dependence, so the reduction of its membrane-fluidizing effects at acidic pH theoretically correlated to that of its non-ionized membrane-interactive concentrations. Unlike phosphatidylcholine membranes, however, nerve cell model membranes consisting of different phospholipids and cholesterol were fluidized by lidocaine at pH 6.4-6.9 corresponding to the acidity of inflamed tissues. Cationic lidocaine was effective in fluidizing anionic phosphatidylserine and cardiolipin membranes at pH 6.4, but not zwitterionic phospholipid membranes, whereas it was ineffective on any membranes at pH 2.0 where membrane acidic phospholipids were not ionized. Local anaesthetics are considered to form the ion-pairs specifically with counter-ionic phospholipids and act on the membranes of nerve cells even under inflammatory acidic conditions. The drug and membrane interaction causable in inflamed tissue acidification does not support the conventional theory on the local anaesthetic failure associated with inflammation.